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Clinical Proteomic Technology Assessment for
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Sample Collection and Biospecimens
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Biospecimens Are K ey:te the Future@f $

Molecular Medicine::

= Biorepositories with high-quality biospecimens and data are
needed to:

— Support development of genomic, proteomic analysis
- ldentify targetsfor therapy, detection, and prevention
— Develop a molecular-based taxonomy of cancer

~ Integrate huge amounts of molecular & clinical data

~ Ultimately realize the era of personalized medicine




Research Communlty

Thereareno national biorepository standards

NCI’scurrent systems do not enable accur ate accounting
or analysis of funded biospecimen resour ces

NCI does not have guidance for biospecimen quality
control, ethical and legal policies, accessor retention of
specimens

Given these issues - data supporting certain areas of
science arein doubt (we don’t know the impact of many
variables on cancer and normal tissues)




- 2005/2006:

- Biorepository Coordinating Committee (BCC) formed

- National Biospecimen Network Prostate SPORE Pilot
launched

- Biospecimen whitepapers finalized from background
documents

- Two workshops held — biorepository operations &
ethical/legal/policy issues

- NCI Office of Biorepositories and Biospecimen Resear ch
(OBBR) established — Dr. Carolyn Compton, Director

- First generation NCI guidelines for biorepositories being
finalized




(BCC)

Membership: Representatives from NCI divisions assembled
to address harmonization of policies for biorepositories across
the NCI

Mission: To define quality Best Practices for NCI-supported
biorepositories

Process. Exhaustive review of the literature from authoritative
sources and extensive input from the scientific community.
Two wide-ranging workshops in summer 2005.

Result: Development of 1% generation guidelines for NCI
biorepositories




©verview

NCI isdeveloping biorepository guidelinesthat include
recommendationsfor:

= Common best practicesfor research biorepositories
= Quality assurance and quality control programs

= Implementation of informatics systems

= Addressing ethical, legal, and policy issues

= Establishing reporting mechanisms

= Providing administration and management structure




Biorepositories should assure that:

1=

Specimen handling is appropriateto the specimen type and for the
Intended study.

Written SOPs document all protocols and all laboratory functions.

Specimens are fully annotated with key collection, processing, and
storage data.

A tracking system monitor s specimen inventory.
A comprehensive quality management system isin place.
Biorepository personnel aretrained to adhereto SOPs.

A pathologist directsthe collection and processing of surgical and
autopsy specimens.

Specimensare stored in a stabilized state without unnecessary
thawing/r efr eezing.

en disposal is performed according to clear rules.




t-i' e E -r- n--

Specimen Collection, Procng,--j"..
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Sterage, Retrieval, and Dissemination :(confmuaél)

10. Collection and processing time are minimized and documented as
appropriate for the specimen type.

11. Sampleretrieval isdesigned to minimize disruption of the stable
environment.

12. Storage equipment performanceisreviewed and recorded regularly.
13. Specimen containerswill not interfere with analytical goals.

14. Specmen-appropriate biosafety, packaging, and shipping procedures
are followed.

15. Specimen retrieval procedures safeguard specimen quality.
16. Shipping temperatureiscontrolled and monitored as necessary.

17. Material Transfer Agreementsare used.

18. Personnédl aretrained to adhere to specimen shipping regulations.
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A quality management system describing quality assurance and
qguality control proceduresisin place.

The biorepository maintains QA/QC training recordsfor personnel.
The biorepository adheresto and periodically reviews SOPs.
Security systems, including alar ms and backup power, arein place.

Data management systemsinclude a computerized inventory tracking
system.

A facility disaster planisin place.

All equipment is maintained properly according to SOPs.




thetissue donor. The consent document must contain the following
elements (adapted from CFR Title 45, Part 46):

A statement that the study involvesresearch, an explanation of the
pur poses of the resear ch and the expected duration of the subject’s
participation, a description of the proceduresto be followed, and
identification of any procedureswhich are experimental;

A description of any reasonably foreseeablerisksor discomfortsto
the subject;

A description of any benefitsto the subject or to others;

A disclosure of appropriate alter native procedures or cour ses of
treatment, if any, that might be advantageousto the subject;

A statement describing the extent to which confidentiality of records
Identifying the subject will be maintained;
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| nformed Consent — Contlnued

® For research involving morethan minimal risk, an
explanation asto whether any compensation and an
explanation asto whether any medical treatmentsare
availableif injury occurs and, if so, what they consist of, or
where further infor mation may be obtained,

= An explanation of whom to contact for answersto pertinent
guestions about the resear ch and resear ch subjects’ rights,
and whom to contact in the event of aresearch-related injury
to the subject; and

= A statement that participation isvoluntary, refusal to
participate will involve no penalty or loss of benefitsto which
the subject isotherwise entitled, and the subject may
discontinue participation at any time without penalty or loss

of benefitsto which the subject is other wise entitled.
T e R R e G R L Sk St | o




= Basic specimen collection, processing and storage
guidelines need to be followed, as appropriate for the
specimen type.

= A guality assurance/quality control plan should bein
place.

= Specimens must be collected using proper informed
consent and following appropriate regulations.

= Other portions of the guidelines should bereviewed, e.g.
biosafety, infor matics, data collection

For thefull set of guidelines see:
http://biospecimens.cancer .gov
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Time between tissue removal and
paraffin embedding

Inside operating room Qutside operating room

T,=warm | = timeg T,= time of t.,= multiple
icchemia specimen | after : fixation . processing

in leaving * times leading

operating | ©pPerating to embedding
room LB as paraffin

until block
Figure from Dr. William Grizzle  fixation
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Post-acquisition variables:

Time at room temperature
Temperature of room
Type of fixative

Time in fixative

Rate of freezing

Size of aliquots

Storage temperature
Storage duration

Storage in vacuum

Pre-acquisition variables:

= Antibiotics

= Other drugs

= Type of anesthesia

= Duration of anesthesia

= Arterial clamp time

= Blood pressure variations
= Intra-op blood loss

= |ntra-op blood administration

= |ntra-op fluid administration




= Additivesused in blood collection may not be
appropriate for some analyses

- Prime anticoagulants - Heparin, EDTA, Acid-citrate-
dextrose

- EDTA —prevents some protease activity
— Or no additivesfor serum collection

= Time elapsed between specimen collection and
processing/stabilization

= Sterility of instruments, surfaces and equipment

= Enzymatic degradation, especially of RNA and
proten

= Repeated thaw-refreeze cycles

From ISBER Best Practices
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Protein degradation after corporal extraction:

Protein stability is dependent on the specific protein
and presence of proteases, phosphatases etc.

= Keratinsstablefor hours
*  Phosphoproteins stable for minutes

Other factors:

= Length of Timeuntil fixation or freezing

» Temperature of biogpecimen during procurement
= Tissuetype

* |schemictime

Courtesy K. Calvo NCI
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Stability of phosphoprotein‘as a blologlc,al Harker i

of tumor signaling. ...::::"_;.::--.;.,::,.::..
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Clinical Cancer Research. 2005 Jun 15;11(12):4338-40.

PURPOSE: The purpose of the study was to evaluate the stability of phosphoprotein as a marker of signaling
activity in human tumors using clinical samples and xenografts. EXPERIMENTAL DESIGN: The expression of
phospho-Ser473-Akt (p-Akt) was assessed by immunohistochemistry in paraffin-embedded samples from
patients enrolled in a Southwest Oncology Group clinical trial of gastroesophageal junction tumors and by
Immunohistochemistry and Western blotting in human colon tumor xenografts at various times after removal

from the animal. RESULTS: Clinical samples had evaluable p-Akt staining only when
obtained as biopsies (9 of 13) and no_staining was observed in tumors obtained as
surgically resected samples (0 of 15). In HT-29 colon cancer xenografts, p-Akt staining
was present in fresh sample but not in tissue that had been allowed to stand for 30
minutes at room temperature. Western blotting of HT-29 tumor xenografts at room
temperature showed a slow decrease in total Akt with a half-life of 180 minutes and a rapid
decrease in p-Akt with a half-life of 20 minutes. CONCLUSIONS: Caution should be used when
using phosphoprotein levels in human tumor specimens to measure intrinsic signaling activity or drug effects
because of the potential for rapid dephosphorylation. Rapid processing of biopsies is essential and
postoperative surgical samples may be of limited value because of the time to fixation.
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Method of freezing or fixing and effect on protein yield
A. Fresh frozen tissue givesthe highest proten yield
= Snap freezing in Liquid Nitrogen
* Embedding in OCT in acryomold with subsequent freezing
= Storage temperature: -80° C freezer,
-150 vapor phase nitrogen. -196 liquid nitrogen

B. Ethanol fixed tissue:
* Proteinyield can be as high as 70% of fresh frozen
» Paraffin embedding, ease of sectioning, storage at RT
=  Compatible with IHC, and morphologic dx

C. Formalin Fixation:
= Crosdlinks proteins, generally low protein yield
= Excellent morphology for histopathologic diagnosis
=  Compatible with immunohistochemistry Courtesy K. Calvo NCI
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Mass Spectrometry Based Pl atforms
Holds much promisefor:
» Biomarker discovery
» Serum and tissue based- proteomic pattern diagnostics
Research tool, need for standardization, validation

Advantages. Small amount of serum (1 microL) or tissuerequired
High throughput, hundreds+ proteinsanalyzed
Sensitive for low abundance proteins

Biospecimen Procurement Recommendations. Fresh frozen tissue

te _Calvo NCI Rapid procurement "
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Comparing Plasma Spectra Same donor at 24 Hrs

-Notice the “missing” peaksin raw plasma
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Biorepository: Practices;.

Quality SOPs Data-Driven

Empirical

2005 First-Generation Guidelines

Medical/ Handlina/ Restocking
Surgical Acquisition 5 andfing Storage Distribution QCI/QA Unused
Procedures rocessing Sample
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Research Guestion

DNA PCR
FIsH
CGH
Sequencing
SMNPs

RNA Microarrays
RT-FCR
Morthemns
In Situ Hybridization

Protein IHC
Mass Spec
Westerns
10020 Gels

Morpholoegy Ultrastructure
Immunolabsling
Subcaliular Localization
Microscopy (light and EM)

Analysis Method

Blood Serum Plasma Urine Sallva Other Mormal Cancer
Tissue Tissue

Specimen Type
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Publish 1% Generation Guidelines and provide infor mation
to biorepositoriesto assist in understanding and
Implementing them.

Establish a biospecimen resear ch network. Some of the
wor k from this proteomics program will be very relevant.

Use data from the networ k to develop the next generation
of evidence-based guidelines.

Provide aforum for exchange of infor mation about
biospecimen ISsues.

Provide educational resourcesto the biorepository
community.

OBBR web site — http://biospecimens.cancer .gov
Email — biospecimens@mail.nih.gov




